Thirteen uterine tumors were diagnosed in 13 cats and accounted for 0.29% of all feline neoplasms received during a 9.6-year period. Age at diagnosis ranged from 3 to 16 years; median 9 years. Six were Domestic Shorthair cats, and 7 were purebred cats of 5 different breeds. Eight adenocarcinomas and 1 mixed Müllerian tumor (adenosarcoma) comprised the endometrial tumors. Myometrial tumors included 3 leiomyomas and 1 leiomyosarcoma. One of the adenocarcinomas developed in the uterine stump of an ovariohysterectomized cat; the other cats were sexually intact. Concurrent mammary adenocarcinoma was diagnosed in 1 cat with uterine adenocarcinoma and in another with uterine leiomyoma. Tumors were discovered during elective ovariohysterectomy in 2 cats, but at least 3 others had experienced reproductive problems (infertility or pyometra). Five cats presented for abdominal or pelvic masses. Endometrial adenocarcinomas were positive immunohistochemically for cytokeratins and negative for smooth muscle actin (SMA); 1 of 6 cats was positive for vimentin and 4 of 8 were positive for estrogen receptor-␣ (ER␣). Adenosarcoma stromal cells were positive for vimentin and ER␣ but negative for cytokeratins and SMA. Smooth muscle tumors were positive for vimentin and SMA and negative for cytokeratins. Leiomyomas, but not the leiomyosarcomas, were positive for ER␣. Adenocarcinomas in 4 cats had metastasized by the time of ovariohysterectomy. Two other cats were euthanized 5 months after ovariohysterectomy; at least one of these cats had developed an abdominal mass that was not examined histologically. Only 2 cats with endometrial adenocarcinoma had disease-free intervals longer than 5 months after surgery. Metastasis was not detected in any mesenchymal tumor; however, these cats were either euthanized on discovery of the tumor or the tumor was first detected at necropsy.
Endometrial adenocarcinoma, the most common uterine epithelial tumor, is rare in domestic animals other than rabbits and cattle. 26 The most common mesenchymal tumor of the uterus is leiomyoma. 28 Uterine neoplasia is seemingly rare in cats. 44 No uterine neoplasms were recorded in separate reviews of 395 7 and 621 feline tumors, 17 and only 1-4 cases of uterine neoplasia (leiomyoma, 12, 38, 46 adenocarcinoma, 14, 43, 46 adenoma, 43 leiomyosarcoma, 46 or lymphosarcoma 13 ) were found in retrospective surveys of 165-571 cats with tumors. Uterine leiomyoma has been the most common tumor in retrospective studies limited to feline genital tract neoplasia. Four leiomyomas, 2 leiomyosarcomas, and 1 endometrial adenocarcinoma comprised the uterine tumors in 1 review. 24 In another report, 8 there were 8 leiomyomas, 4 adenocarcinomas, and 3 leiomyosarcomas. In a 20-year survey, 7 leiomyomas, 1 leiomyosarcoma, and no adenocarcinomas were recorded. 11 There have been additional case reports of endometrial adenocarcinoma, 5, 6, 19, 27, 30, 31, [35] [36] [37] 39, 40 squamous cell carcinoma, 31 mixed Müllerian tumor 34 (also reported as mixed mesodermal tumor 15, 20 amesonephric carcinosarcoma 37 ), leiomyosarcoma, 40 endothelioma 4 or hemangioma, 22 fibroadenoma, 48 cystadenoma, 10 and submucosal fibroma. 37 This study was performed to determine the number of submissions, signalment, histologic classification, immunohistochemical characteristics, and outcome of feline uterine tumors submitted to the Veterinary Medical Diagnostic Laboratory.
Materials and methods
Case materials from all cats with uterine neoplasms diagnosed at the Veterinary Medical Diagnostic Laboratory from January 1, 1993, through July 31, 2002, were retrieved. Tissues had been fixed in 10% neutralbuffered formalin and embedded in paraffin. Total feline accessions, feline neoplasms, feline genital tract neoplasms, and feline uterine neoplasms were counted for the study period.
Veterinarians who submitted specimens for necropsy or biopsy were interviewed by telephone to review signalment, pertinent history, and postsurgical outcome. One pathologist reviewed all hematoxylin and eosin-stained sections of the tumors to standardize the diagnosis. 1, 26 Adenocarcinomas were evaluated histologically, without knowledge of tumor presentation or behavior, for features noted to have prognostic value in human endometrial carcinomas 3 (histologic pattern, nuclear atypicality, mitotic figures per 10 high-power fields, depth [absent, superficial, or deep] of myometrial invasion, and presence of vascular invasion). Histologic pattern was defined as the degree of solid versus glandular proliferation and categorized as Ͻ5%, 5-50%, or Ͼ50% solid. Nuclear atypia was characterized as mild (ϩ), moderate (ϩϩ), or marked (ϩϩϩ). Paraffin sections were immunohistochemically stained 41 using mouse monoclonal antisera against broad-spectrum cytokeratins (clones MNF116 and AE1/AE3), a vimentin-1, a and ␣-smooth muscle actin (SMA). a Immunohistochemistry with mouse monoclonal antisera against estrogen receptor-␣ (ER␣) b was performed according to a technique for feline mammary gland, 29 except that sections were steamed for 40 min, rather than being boiled for 25 min, in citric acid buffer, pH 6.0, for antigen retrieval. Epithelial tumors were also immunohistochemically stained using mouse monoclonal antisera against cytokeratin 7, a cytokeratin 8/18, b cytokeratin 20, b high-molecular weight cytokeratins, a and low-molecular weight cytokeratins. c Diaminobenzidine was used as the chromagen. Reactivity was semiquantitatively evaluated as weak, moderate, or strong with estimates of percentage of reactive cells (1-25%, 26-50%, 51-75%, or 76-100%). The age of cats with endometrial tumors was compared with that of cats with smooth muscle tumors by Student's t-test. Differences in postsurgical survival of cats with endometrial adenocarcinoma were categorized and compared by histologic pattern (Student's ttest), nuclear atypia (one-way analysis of variance), and expression of estrogen receptors (Student's t-test). Significance level was set at 0.05.
Results
During the 9.6-year period, 4,402 neoplasms were diagnosed from 10,976 feline accessions. Uterine tu-mors were documented in 13 cats and included 8 adenocarcinomas, 1 adenosarcoma, 3 leiomyomas, and 1 leiomyosarcoma. Uterine tumors comprised 0.29% of all feline neoplasms and 0.12% of feline accessions during the study. The only other tumors of the female genital system during the study period were 4 granulosa-theca cell tumors and 1 adenoma of the oviduct.
Signalment and history of the 13 cases of uterine neoplasia are summarized in Table 1 . Six cats with uterine tumors were Domestic Shorthairs; 2 were Himalayan; 2 were Siamese; 1 each was Bengal, Persian, and Japanese Bobtail. Age at diagnosis ranged from 3 to 16 years; mean, 9.0 Ϯ 4.0 years; median, 9 years. The age of cats with endometrial tumors (adenocarcinoma or adenosarcoma) did not differ significantly from that of cats with smooth muscle tumors (leiomyoma or leiomyosarcoma).
Cats with adenocarcinoma had diverse histories. One tumor (cat No. 9) was discovered during elective ovariohysterectomy. The tumor in cat No. 2 was found during ovariohysterectomy and mastectomy for a mammary adenocarcinoma that had been discovered on routine physical examination. Two affected cats (Nos. 10 and 12) had historical infertility. Three cats (Nos. 1, 4, and 10) had historical weight loss. Four cats (Nos. 1, 7, 10, and 13) had abdominal or pelvic masses. Cat No. 7 was also dyspneic; clumps of neoplastic epithelial cells were observed on cytologic examination of the pleural effusion. Cat No. 10 had concomitant rete ovarian cysts and uterine serosal cysts. This cat presented with malodorous hemorrhagic to fibrinonecrotic vaginal discharge. Cat No. 13 had been spayed at the age of 6 months. It was treated with megestrol acetate from 3 to 6 years of age, whereupon the cat was diagnosed with vaginitis and therapy was discontinued. The cat developed stranguria and con- stipation at the age of 8 years; intrapelvic extension of adenocarcinoma from the uterine stump was found on laparotomy. Although affected uteruses appeared abnormal (enlarged, thickened, or turgid) at surgery or necropsy, a discrete uterine mass was obvious grossly only in cat Nos. 1 and 2.
Immunohistochemistry results are summarized in Table 2 . All adenocarcinomas tested were positive for broad-spectrum cytokeratins, clones MNF 116 and AE1/AE3. Reactivity was uniform and strong in nonneoplastic endometrial glands. In neoplastic tissue, reactivity was usually moderate to strong and observed in 75% to 100% of tumor cells with clone AE1/AE3. Staining with clone MNF 116 was weaker than with AE1/AE3 in some cats and was observed in only about 25% of the tumor cells in cat No. 1; anti-MNF 116 antibodies seldom bound to cells in less-differentiated solid areas or to those with nuclear atypia. Reactivity with more specific anticytokeratins varied and was not observed in all adenocarcinomas or in all cells in a given tumor. With immunohistochemistry for ER␣, the nuclei of epithelial cells in nonneoplastic endometrial glands were uniformly and strongly positive. Neoplastic epithelial cells in 4 of 8 adenocarcinomas were negative for ER␣; up to 25% of tumor cells had nuclear staining for ER␣ in the remaining 4 tumors. Nonneoplastic glandular epithelium, in which nuclei were strongly positive for ER␣, was sharply demarcated from neoplastic tissue with positive staining only in scattered cells. With 1 exception (cat No. 1), in which patchy reactivity was observed, adenocarcinomas were negative for vimentin. All were negative for SMA.
Histologic features and behavior of endometrial adenocarcinomas are summarized in Table 3 . A tubulopapillary pattern ( Fig. 1 ) predominated in all adenocarcinomas; solid proliferation of neoplastic cells ( tastasis was documented in 2 of these cases. Myometrial invasion was superficial or not observed, and vascular invasion was absent in tumors with mild or moderate nuclear atypia. However, 2 tumors that showed only moderate nuclear atypia, myometrial invasion that was superficial or absent, and absence of vascular invasion (in the sections examined) metastasized. Postsurgical survival time did not differ significantly when categorized by the degree of nuclear atypia in tumor cells. The 4 adenocarcinomas that were negative for ER␣ included all 3 tumors with marked nuclear atypia (at least 2 of which metastasized) and 1 tumor with moderate atypia (cat No. 7) that metastasized to the lungs. The 4 cats with ER␣-negative tumors survived 0-5 months after surgery; mean, 1.2 Ϯ 2.5 months; and the 4 cats with ER␣-positive tumors survived 0-48 months after surgery; mean, 16.8 Ϯ 21.6 months. This difference was not statistically significant, and 1 of the 4 ER␣-positive tumors also metastasized. In all, adenocarcinomas in 4 cats were documented to have spread beyond the uterus as abdominal or pelvic masses, peritoneal carcinomatosis, or pulmonary nodules. Two other cats were euthanized 5 months after surgery but were not evaluated postmortem for metastasis. Only 2 cats with endometrial adenocarcinoma survived longer than 5 months after surgery. One of these cats (No. 9), in which the ER␣-positive tumor had less than 5% solid histologic pattern and only mild nuclear atypia, was documented to be healthy when last examined, 14 months after surgery. The other surviving cat (No. 4), with 5-50% solid proliferation and moderate nuclear atypia in an ER␣-positive tumor, was reportedly healthy 48 months after ovariohysterectomy.
The cat with endometrial adenosarcoma (cat No. 11, Table 1 ) was euthanized after presenting with lethargy, anorexia, and multiple cavitated abdominal masses evident ultrasonically. At necropsy, the uterus was distended by about 300 ml of flocculent, red-brown fluid without appreciable odor. Multiple polypoid masses in the endometrium of each horn protruded into the uterine lumen (Fig. 3 ). Cystic spaces, up to 1 cm in diameter, within each mass were filled with brown granular fluid. Histologically, 1 mass consisted only of cystic endometrial glands separated by abundant endometrial stroma without apparent neoplastic change. This was interpreted as an endometrial polyp. However, in the other masses ( Fig. 4) , endometrial stroma between the cystic endometrial glands was expanded by sheets of plump spindloid cells with oval hypochromic nuclei, clumped chromatin, considerable variation in nuclear diameter, distinct nucleoli, 45 mitotic figures per 10 high-power fields, and scanty eosinophilic cytoplasm with distinct cell borders. Hyperplastic but well-differentiated glandular epithelium lined the cystic spaces. Neoplastic tissue did not invade the myometrium. Endometrium between the polypoid masses was affected by mild cystic endometrial hyperplasia without evidence of neoplasia. With immunohistochemistry (Table 2) , the benign epithelial components of the adenosarcoma were consistently positive for cytokeratins and usually positive for ER␣. The malignant stromal cells were positive for vimentin and negative for SMA and cytokeratin. About 25% of neoplastic stromal cells were positive for ER␣. No metastasis was detected macroscopically or histologically.
The leiomyomas (Table 1) were solitary uterine masses. Two cases were discovered either at elective ovariohysterectomy (cat No. 5) or as an incidental finding at necropsy in a cat (No. 6) with concurrent mammary adenocarcinoma as well as hepatic and renal disease. Cat No. 3 presented in distress with swollen abdomen; the uterine leiomyoma was discovered during laparotomy. The leiomyosarcoma ( Table 1) was discovered during ovariohysterectomy for pyometra and vaginal discharge in cat No. 8 and appeared as multiple nodules throughout both uterine horns and the uterine body. Histologically, leiomyomas comprised somewhat disorganized and hypercellular bundles of slightly atypical smooth muscle cells with no mitotic figures in 10 high-power fields (Fig. 5 ). Stromal fibrous collagen was scanty to abundant. Tumor nodules were generally demarcated from adjacent nonneoplastic smooth muscle of the myometrium. The leiomyosarcoma was less circumscribed, and tumor cells were more atypical with 4 mitotic figures per 10 high-power fields (Fig. 6 ). Smooth muscle tumors were positive for vimentin and SMA and were uniformly negative for broad-spectrum cytokeratins ( Table 2) . Nonneoplastic uterine smooth muscle cells were uniformly positive for ER␣. Tumor cells in leiomyomas, but not in the leiomyosarcoma, were also positive for ER␣ but with less staining intensity than in nonneoplastic myometrium. Postsurgical outcome was not available for any smooth muscle tumor because these cats were either euthanized at the time of tumor discovery or lost to follow-up. However, no metastasis was detected in the cat with leiomyosarcoma at necropsy.
Discussion
Although the uterus was the most common site of feline reproductive tract tumors, the 13 uterine tumors comprised only 0.29% of all feline neoplasms diagnosed during the study period, confirming that uterine tumors are uncommon in cats. 7, 17 Both endometrial and smooth muscle tumors were observed mainly in older cats, although tumors were found in cats as young as 3 or 4 years of age. Breed predilection for uterine tumors was not apparent. A higher proportion of purebred cats than in the general diagnostic laboratory population likely reflects the probability that more purebred cats than Domestic Shorthair cats attain advanced age sexually intact. Cats may be protected from uterine neoplasia by the frequent practice of ovariohysterectomy, but 1 cat in this study was spayed at 6 months of age and still developed adenocarcinoma in the uterine stump. Uterine adenocarcinoma has been reported previously in the uterine stump of a spayed cat. 31 Endometrial adenocarcinoma was the most common uterine tumor. Although leiomyoma was the most common feline uterine tumor in previous reports, 8, 11, 24 adenocarcinomas were twice as common as smooth muscle tumors in this study. At least 4 of 8 adenocarcinomas had metastasized by the time of diagnosis.
Uterine adenocarcinomas have been reported in most domestic species but are considered rare except in rabbits and cows. 26 The rabbit has a reported 79% prevalence of uterine adenocarcinoma after 5 years of age. 18 Because this induced ovulator is often housed individually, the laboratory rabbit and perhaps many pet rabbits are under almost constant estrogen stimulation. Virgin (but not breeding) Han:Wistar rats have a similar high incidence of endometrial adenocarcinomas. 16 Cats, as another induced ovulator, may also be subjected to long periods of unopposed estrogen stimulation, but the frequent practice of neutering queens or the tendency to periodically breed or induce ovulation in sexually intact queens 44 may explain the low prevalence of endometrial adenocarcinoma in cats. In women, postmenopausal hormone replacement therapy, estrogen in particular, is considered a risk factor for endometrial adenocarcinoma; both estrogen-dependent and higher-grade estrogen-independent adenocarcinomas are recognized. 3 Half the feline adenocarcinomas in this study had cells positive for estrogen receptors by immunohistochemistry. Tumors with marked nuclear atypia and those that metastasized usually did not express estrogen receptors. This loss of expression of estrogen receptors in these tumors suggests estrogen independence and may indicate a worse prognosis. The endometrial carcinoma of cattle is histologically distinct as a scirrhous carcinoma, 26 and affected cows are less likely to have been exposed to prolonged unopposed estrogen stimulation.
Identification of broad-spectrum (AE1/AE3 and MNF 116) cytokeratins by immunohistochemistry in all adenocarcinomas tested was not surprising; yet, in another study, an endometrial carcinoma was the only 1 of 28 feline epithelial tumors that did not react to antibodies against high-or low-molecular weight cytokeratins. 30 Use of a different source of commercial antibodies or variation in the differentiation of tumor cells could explain this apparent discrepancy. In this study, reactivity with AE1/AE3 was generally more intense and more frequent than with MNF 116. Staining for low-and high-molecular weight cytokeratins was variably positive, often infrequent, and usually only weak to moderate in intensity.
The main criterion for grading human endometrial adenocarcinomas is the degree of glandular differentiation, with a scheme in which grade 1 tumors have Ͻ5% solid pattern; grade 2, 5-50% solid pattern; and grade 3, Ͼ50% solid pattern, although some pathologists consider the degree of nuclear atypia to be of equal or greater importance. 3 In comparison to human tumors, feline tumors had greater glandular differen-tiation and always less than 50% solid pattern, even in cases with marked nuclear atypia and in cases that metastasized. Nuclear atypia, however, was striking in some of the feline adenocarcinomas. All 3 tumors with marked nuclear atypia were locally invasive; at least 2 of the 3 tumors metastasized and none expressed estrogen receptors. Staging of adenocarcinomas in this study was hampered by the fact that only portions of most tumors were submitted for histologic evaluation. Thus, determination of the degree or presence of myometrial or vascular invasion may have been inaccurate. Mitotic index did not correlate with other grading or staging criteria or with tumor behavior. For all tumors, correlation of histologic appearance with biologic behavior was difficult because many cats were euthanized at the time of diagnosis and few were subjected to necropsy.
In a study 33 using transuterine fetal injection with allogeneic mammary carcinoma cell lines, 3 of 13 queens developed metastasizing uterine carcinomas, 6 to 31 months after injection. The authors hypothesized that the immunotolerant status of the pregnant uterus facilitated transplantation of tumor cells that had leaked into the uterus during fetal injection. Those tumors were apparently transplanted mammary carcinomas rather than adenocarcinomas derived from endometrial epithelium. In this study, none of the tumors developed in pregnant cats. One adenocarcinoma was documented in a cat that also had mammary adenocarcinoma and both tumors were considered primary.
The adenosarcoma may have arisen in endometrial polyps. The tumor masses resembled endometrial polyps grossly, and at least 1 mass was histologically consistent with feline endometrial polyp. 23 Adenosarcoma is an endometrial stromal tumor that is composed of both mesenchymal and epithelial elements. 1 These mixed Müllerian tumors are categorized as adenofibroma, adenosarcoma, carcinofibroma, or carcinosarcorna, depending on whether epithelial and mesenchymal components are benign or malignant; however, many pathologists doubt the existence of mixed Müllerian tumors with benign stromal components (adenofibroma or carcinofibroma). 1 Carcinosarcomas are the most common mixed Müllerian tumors in women, 1 and previously reported feline mixed Müllerian tumors 15, 20, 34, 37 differed from the cat in this report in that the tumors had both malignant epithelial and stromal elements and thus would be classified as carcinosarcomas. The epithelial component of adenosarcoma, on the other hand, lacks features of malignancy, whereas the stromal cells have low-grade malignant features. 1 Human endometrial adenosarcomas may be polypoid and multiple, as was the tumor in the cat in this study, and seldom invade the myometrium. 1 Leiomyoma was the second most common tumor in this study. It is also the most common genital tumor in zoo felids and was observed (usually in the uterus) in 24% of 219 zoo felids surveyed. 9 Genital tract leiomyomas in bitches may affect the uterus but are more common in vaginal smooth muscle. 11 Uterine leiomyoma is the most common tumor of aged female guinea pigs and frequently accompanies cystic rete ovarii. 21 In this study, rete ovarian cysts were observed in 1 cat only, and this cat had endometrial adenocarcinoma. Uterine leiomyoma is the second most common tumor (after pituitary adenoma) in the gray short-tailed opossum, Monodelphis domestica. 25 Six of 9 female whales had genital tract fibroleiomyomas; 1 was in the uterus; half the tumors had 10-30% ER-positive cells. 32 Both leiomyomas tested in this study were positive for ER␣ by immunohistochemistry.
Leiomyoma (''fibroid'') is the most common uterine tumor in women of reproductive age. 2 Eker rats have high incidence of spontaneous uterine leiomyoma and have been developed as an animal model of fibroids. 45 The rat tumor and tumor-derived cell lines have heightened estrogen responsiveness; estrogen receptor antagonists, such as tamoxifen and raloxifene, suppress proliferation of tumor cell lines or transplanted tumors in nude mice and reduce the incidence of spontaneous tumors in the Eker rat. 45 Progesterone may increase risk for uterine leiomyoma in women 42 and experimentally in rats, 47 but no correlation between progestin therapy and presence of genital tract leiomyomas was apparent in zoo felids. 9 Only 1 cat in this study was known to have been treated with the progestin megestrol acetate, and this cat developed endometrial adenocarcinoma. The intact female cat, unless induced to ovulate or treated with synthetic progestins, is more frequently subjected to high levels of estrogen than progesterone, especially if persistent seasonal or nonseasonal estrus develops; therefore, hormonally responsive uterine disease in cats is more likely the result of estrogen stimulation. 44 Although women with uterine leiomyoma are often younger (premenopausal) 2 than those with endometrial carcinoma, 3 age differences between cats with smooth muscle cell tumors and those with adenocarcinoma were not noted in this study. Feline uterine leiomyomas may be multiple, 8, 11, 12, 35 but were apparently solitary in the 3 cats of this study. The case of leiomyosarcoma did present as multiple masses.
Leiomyosarcoma was less common than leiomyoma as in other studies of domestic cats, 8, 11, 24 zoo cats, 9 and women. 2 Uterine leiomyosarcoma in women is less well circumscribed than is leiomyoma with higher mitotic index and myometrial invasion. 2 In zoo felids, mitotic index was not useful in distinguishing malignant from benign smooth muscle tumors, but the pres-ence of local invasion did predict aggressive behavior. 9 The feline leiomyosarcoma in this study had histologic features of malignancy but had not metastasized by the time of necropsy. In a previous study, metastasis was documented in 2 of 3 feline uterine leiomyosarcomas. 8 Results of this study confirm the rarity of uterine tumors in cats; yet, the uterus is the most common site for neoplasia in the feline genital tract. Purebred and Domestic Shorthair cats from 3 to 16 years of age were affected. With 1 exception, affected cats were sexually intact. Endometrial adenocarcinomas were more common than smooth muscle tumors. At least half the adenocarcinomas metastasized. Only 2 cats with adenocarcinoma survived longer than 5 months after ovariohysterectomy. Metastasis was not documented for any mesenchymal tumor. Nuclear atypia and loss of estrogen receptor expression may predict metastatic potential, but postsurgical follow-up of more cases of feline uterine tumors is needed to characterize their behavior.
